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Abstract 
Due to the randomicity of wind power energy, the voltage flicker of power grid will occur when large-scale wind 
power connected to the power grid. By constructing its predict-filter and update-filter, a method to detect the flicker 
based on adaptive lifting wavelet transform is proposed in the paper. In order to adaptively select the wavelet function 
and match the signal feature better, an updation/prediction adaptive lifting wavelet transform is proposed. In the 
method, an adaptive updation/prediction lifting scheme is designed to realize adaptive updation and prediction 
respectively by using the local gradient information of original signal and minimum prediction error. Simulation 
results show that the method can track voltage flicker rapidly, exactly and real-timely. 
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1. Introduction 
Wind power is a kind of cleaner and regenerate power,but it also has disadvantage of randomicity, 
intermittently and uncontrollable[1,2].Due to the disadvantage of wind energy,the voltage fluctuation and 
flicker caused by wind power may exceed the state standards[3,4]. With the wind power capacity in-
creased in the system,the power quality problems such as voltage flicker will be the main factor restricting 
the installed capacity of wind power, that must be detection and suppression effectively. Therefore, select 
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the appropriate method for detecting voltage fluctuation and flicker has become an important and urgent 
task. 
The basic idea of Lifting Scheme [5] is based on the theory of biorthogonal wavelets and perfect 
reconstruction filters. Through the design of different predictors and update operator, get different nature 
of the biorthogonal wavelet. Stepien [6] researched the application of Adaptive lifting wavelet use in the 
one-dimension signals to deal with the noise. Proposed and constructed updating priority lifting scheme 
based on linear adaptive. Obtained a signal de-noising effect with high SNR and low maximum absolute 
reconstruction error. Wavelet lifting scheme makes Wavelet structuring more flexibility and more fastly. 
In this paper, based on the the characteristics of voltage flicker signal and wavelet theory, proposed an 
adaptive lifting wavelet algorithm matching envelope voltage flicker signal. The algorithm can design the 
updater and predictor to match the signal characteristics, avoid the defect that traditional wavelet need to 
select wavelet function. It can calculate the relevant parameters of the flicker accurately and effectively. 
2. Flicker Model 
Flicker usually refers to the visual experience of the human eye on a certain frequency by the abnormal 
light caused by the voltage fluctuation. According to the different causes of disturbance, there are periodic 
and aperiodic flicker, and periodic voltage flicker make a greater impact on people's production. Periodic 
voltage flicker can be seen as the low-frequency modulated low-frequency sinusoidal voltage [7], 
equation (1) shows the instantaneous value function of voltage. 
 
( ) ( )( ) ( ) ( ) ( )0 i i i 0 0 0cos 2 cos 2 cos 2u t A A f t f t A t f tπ θ π θ π θ= + + ⋅ + = +∑                         
(1) 
Where,A0,f0,θ0 are fundamental voltage amplitude, frequency and phase angle; Ai,fi,θi are modulated 
amplitude(up to 10% of fundamental amplitude),frequency(usually 1~10Hz) and phase angle. 
According to flicker modulation wave amplitude and frequency range, flicker frequency is the typical 
amplitude modulated narrowband signals. Meet the prerequisite of Adaptive lifting wavelet transform. 
3. Adaptive Lifting Wavelet Transform 
Adaptive lifting wavelet transform include decomposition process and reconstruction. Decomposition 
process is build up by three parts of subdivision, adaptive update and adaptive prediction. Reconstruction 
process is the reverse process of decomposition, and the synthesis formula can be obtained by change the 
minus and the dataflow direction. 
In this paper, using the updated priority Adaptive Lifting Wavelet Transform, can avoid the prediction 
algorithm leading to inaccurate by the nonlinear factors of update algorithm. 
3.1. Split 
Split the original signal sequence X=(xk)(k=0,1,…,L,L is the data length),the decomposition algorithm 
of lifting wavelet transform can be expressed as divide the original sample sequence X into even sample 
sequence Xe = {xe (k), k � Z} and odd sample sequence Xo = {xo (k), k � Z}. 
3.2. Adaptive updation 
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Adaptive updation use the odd sequence and update operator U updated the even sequence to obtain 
low-frequency coefficient c. The update operator U is designed by using the local gradient information of 
original signal adaptively. So that the generated wavelet approximate signal can maintain the muta-
tion component and time domain accurately. 
Adaptive updation algorithm can be expressed as: 
 
( ) ( ) ( )e oc k x k U x k= + ⎡ ⎤⎣ ⎦                         
(2) 
Where, U is update operator, and is defined as equation (3) : 
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(3) 
Through the above steps achieve the adaptive updation process. 
3.3. Adaptive prediction 
The core of the prediction is use the even sequence to predict the odd sequence, the more accurate of 
prediction, the smaller high-frequency coefficient d can be obtained.  
Adaptive prediction algorithm can be expressed as: 
 
( ) ( ) ( )od k x k P c k= − ⎡ ⎤⎣ ⎦                         
(4) 
Where, P is predict operator, and is defined as equation (5): 
 
( ) ( ) ( )1P c k c k c kδ φ= + +⎡ ⎤⎣ ⎦                         
(5) 
The coefficients δ and φ are calculated by using minimum mean square error, that is: 
 
( ) ( ) ( )( ) ( ){ }o 1 0E x k c k c k x kδ ϕ⎡ ⎤− + + ⋅ =⎣ ⎦                         
(6) 
Through the above steps achieve the adaptive prediction process. 
4. Flicker Measurement 
The envelope signal of voltage flicker A(t) carries the amplitude and frequency information. The 
envelope signal of voltage flicker must be detected without distortion. The following proposed 
synchronous detection and decomposition methods. The traditional synchronous detector is consists of 
voltage tracking device, multiplier, sampler and filter. Its detection process is as follows: Firstly, the 
voltage tracking device track the unknown signal, and send out the same phase waveform. And then, the 
two signals are multiplied in the multiplier. After sampling in the sampler, use the adaptive lifting 
wavelet filter to analyze the signal. In this paper, use the software instead of hardware to achieve the 
detection function. 
5108  XU Xiaobing et al. / Procedia Engineering 15 (2011) 5105 – 51104 XU Xiaobing et al. / Procedia Engineering 00 (2011) 000–000 
( ) ( ) ( ) ( ) ( )
The output signal of multiplier is: 
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(7) 
Where, u(t) is the voltage flicker signal, ur(t) is the sync voltage, and ur(t)=cos(2πf0t+θ0). 
The first part of the right-hand side is envelope signal which should be detected. The second part is in 
the center frequency of 100Hz bilateral AM signal, it will be filter out. The output of filter is high 
frequency detail and envelope signal, it shows the law of the original modulation signal. The main 
purpose of measuring is to pick up the voltage fluctuation, and to measure the frequency and amplitude. 
Specific steps are as following: 
1) Sample unknown signal. 
2) Use the method proposed by reference [6] to determine the initial phase angle of the sampled 
signal. Calculate synchronous voltage ur(t). 
3) Calculate x(t). 
4) Demodulate the signal with the adaptive lifting wavelet filter. 
5. Sampling Example 
This article use MATLAB to simulate adaptive lifting wavelet to detect multi-frequency flicker signal. 
In the following simulation, the sampling frequency is 10kHz, sampling duration is 0.4s.In the flicker 
signal, f0 is 50Hz, θ0 is 0,and with gaussian white noise. 
Set the voltage discrete form expression as: 
 
( ) ( )0 01 cos(2 ) cos(2 ) rand( )i i iu n A A f n f n nπ θ π θ= + + ⋅ + +∑                    
(8) 
Where, rand(n) is gaussian white noise. 
Table 1． Multi-frequency Parameter 
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Parameter A1(pu) f1(Hz) A2(pu) f2(Hz) Start point (s) Change point (s) End point (s) 
Setting 0.100 5.000 0.050 10.000 0.050 0.200 0.350 
Calculated values 0.096 4.999 0.049 10.002 0.050 0.199 0.349 
The parameters are shown in Table 1. Signal length of time is 0.4 seconds. In Fig. 1(a), only has flicker 
signal (f1=5Hz, A1=0.1) between 0.05 seconds to 0.35 seconds. And in Fig. 1(b), superimposed another 
amplitude signal (f2=10Hz, A2=0.05) between 0.2 seconds to 0.35 seconds. Use MATLAB to simulate 
algorithm, the results are shown in Fig. 1. 
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Fig. 1. (a)Single Frequency Simulation Result ;(b)Multi-frequency Simulation Result 
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In Fig. 1, the details of the signal from the wavelet analysis can measure the start point, change point 
and end point of flicker signal. The envelope of the demodulated signal for spectrum analysis can draw 
the spectrum of flicker. The demodulated envelope subtract the original amplitude signal can obtain the 
tracking error. Related calculated values are shown in Table 1. The simulation results indicate that the 
algorithm can detect multi-frequency voltage flicker rapidly, exactly and real-timely. 
6. Conclusion 
This article combine the adaptive signal processing method and the lifting wavelet transform to detect 
voltage flicker. As shown in the simulation results, the algorithm overcomes the shortcomings of 
traditional methods, eliminates the noise interference, detects out of the envelope signal rapidly, exactly 
and real-timely. It is an effective method for detecting various types of voltage flicker. 
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